Summary. The ultrastructure of the principal cells of the mouse epididymis was studied using osmium impregnation techniques which have the advantage that the endoplasmic reticulum (ER) content displays a positive reactivity after glutaraldehyde fixation whereas the Golgi condensing vacuoles are negative.
. In addition, this organ is able to absorb material coming from the testis via the rete testis fluid particularly at the level of the initial segment (Pelliniemi et al., 1981) . However the cauda epididymis is also regarded as another region with high absorptive capacity (Moore and Bedford, 1979) . Ultrastructural examination of the principal cells clearly shows the organelles involved in both the secretory and the absorptive functions but does not allow for visualization of the transfer pathways of macromolecules (Abou-Haila and Fain-Maurel, 1984) . Osmium impregnation techniques appear to be a good tool for differentiating the endoplasmic reticulum from the Golgi apparatus which both play a role in the two functions. In the absence of aldehyde fixation only the Golgi saccules are impregnated by osmium (Friend and Murray, 1965) , while after aldehyde fixation the content of both the Golgi and the endoplasmic reticulum cisternae is stained (Thi6ry, 1979) . In the present investigation, these techniques were used to study the internal membrane system in the principal cells of the mouse epididymis with emphasis on the secretory and absorptive functions.
Materials and methods.
Three male mice (Swiss OF1 ) about 3 months old were anaesthetized by intraperitoneal injection of chloral hydrate and the 2 epididymides were removed. The right epididymis was immersed (5 min) in a special glutaraldehyde solution (0.1 M veronal buffer pH 7 : 63 ml ; 0.1 M trisodium citrate : 13.5 ml ; 0.1 M CaCl 2 : 13.5 ml ; glutaraldehyde 25 % : 10 ml) (Thi6ry, 1979 ; Bergeron and Thi6ry, 1981) . Small fragments from the five segments of the proximal part (Abou-Haila and Fain-Maurel, 1984) and the medial and distal parts of the duct were cut out (Graph 1 ). The samples were quickly washed and post-fixed (2 h, Results.
On semi-thin sections, the osmium impregnation technique, performed either after or without aldehyde fixation, simultaneously stained the Golgi apparatus and endoplasmic reticulum in the different parts of the mouse epididymis. Golgi complex organization varied according to anatomical level whatever the fixation method. In the principal cells of the proximal part of the epididymis, it was composed of highly impregnated thick strands which bounded a large Golgi area (PI. I, fig. 1-6 ). In the medial and distal parts, it consisted of thin loosely coiled strands located in the supra-nuclear region of the cell (PI. I, fig. 7, 8) .
After glutaraldehyde fixation, the infranuclear part of the principal cells from segment I was strongly impregnated (PI. I, fig. 1 ) and small dark granules, with varying degrees of staining, were found above the Golgi complex in the five segments of the proximal part of the duct (PI. I, fig. 1-6 ). In the medial (PI. I, fig. 7 ) and distal (PI. I, fig. 8 fig. 3 ). On the contrary, in segments IV and V, the content of the endoplasmic reticulum cisternae, parallel to the long axis of the cells, was homogeneously stained but with varying intensity from cell to cell (PI. III, fig. 4 ). In the medial and distal parts of the epididymis, whatever the type of fixation, the endoplasmic reticulum was formed of a continuous network of canaliculi and saccules impregnated with features similar to those of cells in segments IV and V (Pl. IV, fig. 1 , 2). When impregnated, the endoplasmic reticulum saccules surrounding mitochondria appeared to be fenestrated (PI. IV, fig. 2). However, in some cells where the endoplasmic reticulum was unstained, the perinuclear cisternae showed an osmium deposit.
In the proximal part of the epididymis, the apical part of the principal cells was devoid of terminal webb and filled with impregnated or electronluscent vesicles originating from endoplasmic reticulum or Golgi complex (PI. V, fig. 1 ). They were often in close apposition to the plasma membrane (PI. V, fig. 2, 3 ). In the cells of the medial and distal parts of the duct, some Golgi vacuoles and extensions of the endoplasmic reticulum network in contact with the apical plasma membrane were observed in the area of the terminal webb (PI. IV, fig. 1 (Yamaoka et al., 1983) .
Numerous studies have documented the secretory and absorptive functions of the epididymal epithelium, but there is debate on which mechanisms are involved (for a review, see Cooper, 1986 ). Our observations suggest that osmium impregnation may prove useful for studying cell structure-function relationships in mouse epididymis.
In mammal epididymis, the cell's ability to synthesize proteins and glycoproteins is evidenced by an extensive rough endoplasmic reticulum and Golgi complex. However, in these cells which do not have storage granules, a secretory process along the duct has only been revealed by quantitative ultrastructural radioautography in the mouse (Fain-Maurel, 1987) or by electrophoresis in the mouse (Mboungou et al., 1987) and the rat (for a review, see Cooper, 1986 ) after radio-active aminoacid administration. Of particular interest to the present investigation is the fact that in the proximal part of the epididymis, the endoplasmic reticulum content always displayed a positive reaction to osmium whereas the Golgi condensing vacuoles were negative. Thus, it can be postulated that the two distinct secretory pathways described in segment I of the mouse epididymis (Fain-Maurel, 1987) may serve the same function in the other four segments of the proximal part. The topographical relations observed between the electronluscent or impregnated vesicles and the apical plasma membrane suggest that the newly-synthesized proteins were transferred into the lumen by the Golgi condensing vacuoles or impregnated endoplasmic reticulum vesicles bypassing the Golgi apparatus. The presence of these ultrastructural features suggests that in these constitutive (stimulus-independent) secretory cells, two distinct routes export a relatively different spectrum of proteins and/or glycoproteins. In prostatic cells, some secretory products of the endoplasmic reticulum also seem to be secreted directly into the lumen (Beaudry-Lonergan et al., 1985) .
In the principal cells of the medial and distal parts of mouse epididymis, the observation of electronluscent Golgi vacuoles in the terminal webb region and of some extensions of the endoplasmic reticulum canaliculi in contact with the apical plasma membrane suggest that the two distinct constitutive export pathways visualized in the proximal part are also present in these parts. However, it seems unlikely that this extensive endoplasmic reticulum network, extending from the apex to the base of the cells, would only serve this goal. As in transport epithelia (Mollgaard and Rostgaard, 1978 ; Bergeron and Thi6ry, 1981 ; Novikoff et al., 1983 ; Thi6ry et al, 1983) , the endoplasmic reticulum could be considered as a potential transcellular route. It has been shown that substances synthesized in the proximal part such as « sperm maturation antigen number 4 » in the mouse (Vernon et al., 1982) or the polypeptide complex 30-37 Kd in the rat (Olson and Hinton, 1985) are reabsorbed in the medial and/or distal parts of the epididymis. In addition, because of the relationships between endoplasmic reticulum fenestrated saccules and mitochondria in these parts, as shown in rat renal (Bergeron and Thi6ry, 1981 ) In the proximal part, mechanisms of fluid-phase and receptor-mediated endocytosis have been identified (Djakiew etal., 1985 (Djakiew etal., , 1986 (Fain-Maurel et al, 1981 ) and electrophoresis (Mboungou et al., 1987) in the medial and distal parts of the epididymis. 
